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Introduction

= LHC and ATLAS
= Data Taking, Luminosity and Trigger+DAQ

First Physics Results
= Minimum Bias

= J/psi and Upsilon % indicates leading
= Jets contribution from

West Coast institution(*)
= W'sand Z's (*) Arizona, Oregon, SLAC, UCB/LBNL,

UCSC, UCI, Washington

= Towards Top
= New Physics

Conclusions and Outlook



The Large Hadron Collider (LHC)
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ATLAS Detector

Muon Detectors

Tile Calorimeter Liquid Argon Calorimeter
\ |

/ f \ .
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker 4



ATLAS Detecto

Inner Detector: |n|<2.5
- Si Pixels: 40x800 um

- Si Strips: 80 uym R
- Transition Rad. Tracker "
- Solenoid: B=2 T

- 0/p7 = 3.8x104 p;/GeV ©0.015
(e.g. 4% at 100 GeV)
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ATLAS Detector

Calorimeters: |n|<4.9

- Lead/LAr : Electromagnetic

- Cu/LAr : Hadronic Endcap

- Tile (steel/plastic scintillator): Hadronic Barrel |
- EM: 6/E=10%"E (e.g. 1% at 100 GeV)

- HAD: 0/E=50%"E ® 3%
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ATLAS Detector

 Several forward detectors Aater
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March 30t 2010:
%&E&Aﬁ‘ﬁ first 7 TeV Collisions
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« Delivered |Ldt=3.6 pb-1

— calibrated using a Van-der-Meer scan to 11% precision
« Dominated by 10% uncertainty on beam current normalization

 ATLAS recorded 93.9% of the data on tape 10
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 LHC achieved 10,000 fold increase in past 6 months

— increase in bunch current (factor 102) and number of bunches
(factor 36) and decrease in beam size (factor 3)

« Aim at increase by another factor of 10 by end of Oct.
— L=10%2 cm2s-! equivalent to ~10 pb! in 24h 1



ATLAS Detector Operation

Subdetector Number of Channels | Approximate Operational Fraction

Pixels 80 M 97.4%

o Ope rational Fraction: SCT Silicon Strips 63M 99.2%
TRT Transition Radiation Tracker 350 k 98.0%

° 97_1 OO% Of su bd etector LAr EM Calorimeter 170 k 98.5%

. Tile calorimeter 9800 97.3%

C h a n n e I S fu | |y O p e ratl O n a I Hadronic endcap LAr calorimeter 5600 99.9%

Forward LAr calorimeter 3500 100%

o Data Q ua I ity . LVL1 Calo trigger 7160 99.9%
LVL1 Muon RPC trigger 370k 99.5%

[ J 94_1 OO% Of data gOOd for LVL1 Muon TGC trigger 320k 100%

. MDT Muon Drift Tubes 350 k 99.7%

p hyS ICS ana IyseS CSC Cathode Strip Chambers 31k 98.5%

RPC Barrel Muon Chambers 370k 97.0%

% TGC Endcap Muon Chambers 320 k 98.6%

Fraction of recorded data with subdetector good

Inner Tracking

Calorimeters Muon Detectors
Detectors

. LAr LAr LAr .
Pixel SCT TRT EM HAD FWD Tile MDT RPC TGC CSC

97.7 964 100 944 ©98.7 99.3 99.2 0985 983 98.6 98.3

Luminosity weighted relative detector uptime and good quality data delivery
during 2010 stable beams at Vs=7 TeV between March 30* and August 14* (in %) 12




Trigger and DAQ 3
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L1 Trigger
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High-Level Trigger &

« High-level trigger ~ 14— muons (using J/Psi)
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Minimum Bias Physics

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

J EXPERIMENT
Run Number: 152166, Event Number: 316199
Date: 2010-03-30 12:58:23 CEST

=L

one of the first 7 TeV collision
events recorded on March 30th




Minimum Bias Physics

Total cross section ~100 mb ﬁé‘) %(” D°“b'eDf%(DD’
— About 70% inelastic = e — U=
* Measurements of charged o o .
particle multiplicities in e Y
— Inclusive selection tz Tt | |
— Diffraction enhanced selection ;!
— Underlying event dominated imof
regions " ok
» Rely on understanding of o Tt :
ow p+ tracking of charged 22" 25 ¢
nadrons o gy -
— Also important for b-tagging . " Bew ;

17



Inner Detector: Material

Map material using hadronic Map material with photon
interactions conversions
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Data Simulation
* Excellent agreement %
o between data and simulation
— Small discrepancies already
o B fixed for new MC production
starting now




Inner Detector: Resolution, Scale and particle ID
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Inclusive Charged Particle Spectra &
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Charged Particles in diffractive events, the

Underlying Event and Jets

Charged particle spectra in
diffractive-enhanced sample:

veto events with hits on both sides of
MBTS detector

& S 1= L L B By B ==
> = ATLASPreliminary _o_ Datg 3
QF 4 \s=7TeV —— Phojet .
2 10";- ---- Pythia 8 E
Hls  F Pythia 6
o i
‘_‘g 102? =
QY] C
‘_|Zm C a1
10'3§ 3
10*E E
10'5§ - E
-6
. 107 ‘O! L
© E
© C
Q 15f
O C
= E.
g 1Pt
= E
o r e 7
0.5 R T
i 2 3 4 5 6

Phojet describes data best
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Charged Particles in diffractive events, the

Underlying Event and Jets

Charged particle spectra in
diffractive-enhanced sample:

veto events with hits on both sides of
MBTS detector

('T' 1?"“““.“.“““““‘ ;7;
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g
= r
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0.5 S
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Phojet describes data best

leading track

Ad .
\ Transverse region w.r.t.
. 2\ leading track:
e lmelke0n e ‘yr ST

sensitive to initial-state
radiation and multiple
parton-parton interactions

transverse . _ .* transverse
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Yy o

Pythia tunes underestimate
both at 0.9 and 7 TeV 2




Charged Particles in diffractive events, the

Underlying Event and Jets

Use tracks to form jets => test
fragmentation of iets

10 GeV<p <15 GeV
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MC tunes have varying success
in describing the fragmentation

leading track

Ad .
\ Transverse region w.r.t.
e\ leading track:
e lmelke0n e ‘yr ST

sensitive to initial-state
radiation and multiple
parton-parton interactions
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Pythia tune underestimates
both at 0.9 and 7 TeV =




Jpand Y

http://atlas.ch

J/psi -> uu candidate in 7 TeV coltisions .

J/Y candidate events
Inv. Mass=3.1GeV

P(u+) = 28 GeV, n=0.93

P(u-) = 15 GeV, n=0.95




Dimuon Mass Spectrum
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J/p Cross Sections

Inclusive cross section
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ATLAS Preliminary
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M .

o

12 14
Jhy P, [GeV]

* Kin. range: pt=1-12 GeV, |y|<2.25
« Syst. Uncertainty ~30%

— Completely dominated by
polarization uncertainty

* prand y-dependence of a(J/)
agrees with Pythia color octet model

— Normalization off by factor 10 26



J/p Cross Sections

Inclusive cross section Prompt fraction determined ™% %
From pseudo-proper time T = )
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7 EXPERIMENT

Run Number: 152166, Event Number: 810258
Date: 2010-03-30 14:56:29 CEST

Di-jet Eventat 7 TeV |
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Raw measured jet energy: 300 GeV




Calorimeter Response
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« Data generally very well described by MC



Inclusive Jet Cross Sectlon

Jet Energy Scale uncertainty = 10° g — : — i
6-10% depending on pT and n 3 E, antl kl Jets R 0. 6 |y |< 2 8 §
(dominated by EM scale and 210°F o o [LamrminerTen 3
hadronic shower model) o T ]
2 104 E_ == Syst tic U rtainti —E
Z 0-18¢ " AntiK, R=0.6, JES Calibration, 0.3<1/<0.8 W E . ystematie Uncertainties ]
.g 016? ° Under\yingevent(PYT'\Iﬂ/Srllts!?ugixirlo QgD jeFt:gmemanon (PYTHIA Professor) ] © 103 E E
Sorap  wommen e o [ orecoicreasoningen . 5
godzn T e oo 102 o -
5 0.1F = E o §
i o.oei— —f . —— ]
2 004 T[ﬂfuﬂ ..... SRS RS, 15_ ATLAS Prellmmary ——
g 0.02|— L} A : l s " L. - ] n oo oy oy | L T
0" 20 it3o$4lo _— %2 ; 2”%02 : | 1:03 g 25
P [GeV] 2 °F S E
+— 0.5 — E
Workshop on SLAC last week S F | | | I
0 100 200 300 400 500 600
p, [GeV]
« Jet cross section measured using anti-k; algorithm
— Up to pt=500 GeV (with 17 nb")
— Dominant systematic uncertainty: jet energy scale
« Data in good agreement with QCD prediction 30




; 1 O1 8 C T T ] l T T T T ] "rl L L L 3
[ 1017 — ATLAS Preliminar = > ATLAS Preliminary ]
y D . s
(\D 15 i anti-k, jets, R=0.6 —>—21<y| <28 (x1e8) E (,2, 107¢ Ns =7 TeV E
ﬁ 10 il f/. d=17nb,Ns=7TeV o 120y <21 (xe6) = ]
><1 01 3 Total syst. unc. —a— 08<y| <12 (x1e4) ] O 10_4 = ~+ Eifi:dm Pb E
© i | Z — ]
_E = NLO pQCD + non-pert. —B— 03 <Yl <08 (x1€2) 3 O anti-k R=0.6 -
% 1 O1 1 - I —e— 0.0<Jy|] <03 (x1e0) E Z 1 0-5 = [yje’|§2_8 _g
PPN ey i .
= 10 - o iw:"."“-Y.'_ ] 10°® E
© 107F T MRS 5
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» Excellent agreement of data with
QCD prediction .




Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

nie+)= -042

E_ms = 26 GeV
MT =57 GeV




Wepv“

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

W-puv candidate *
in 7 TeV collisions

E ™= 41 GeV
M. = 83 GeV




-

W ->ev W -> nv

% 800: LN L L L L L L R L L B I B L . % 900_ LA L N I L L N L Y N L Y N L N Y L B B B
- Data 2010 (7 Tev) ATLAS Preliminary A - —e— Data2010§5=7TeV)  ATLAS Preliminary;
(,_‘2 700E Ewajev (7 TeV) :'y__ &2 800__%‘”"““ —
> F @aco ILdt= 1o1pp’ ] L F Cdaco J _ 47
8 600 CIw -1 = 8 700:_ Ei‘ﬂu—u. L dt=991nb =
g _ £ B¢ 1 E gool BRIz E
Lﬁ 500:_ C1Z—>ee _: Lﬁ 6005 i -+- E
400[- 3 S00¢ E
- . 400 =
300 . - .
E E 300__ =]
200 = - .
n . 200 .=
100 — - .
- . 100 -
C P T R T R 1 L 4 1 - - .

0 20 40 60 8 100 120 00 ~"20"20 60 80 100 120

m; [GeV]
m; [GeV]

« p(e/n)>20 GeV (isolated), E;Mss>25 GeV, m>40 GeV
— about 3000 candidates/lepton type in [Ldt=1 pb’

« Data well modeled by simulation
34
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Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_= 89 GeV
/>ee candidate in 7 TeV collisions

_15 E; (GeV)
E (e7)=45GeV

n(e) 0.21

E; (') = 40GeV
n (e*) =-0.38




Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p (M) =27 GeV n(u)= 0.7
p,(u*) =45 GeV n(u) = 2.2

M =87 GeV
m

@ Z>up candidate
in 7 TeV collisions




eV

Entries /5 G

Z,

140'[__1' Z_>e+e' LA I Y I B O I_
[ ATLAS Preliminary ]
120l —+Data 2010 Ns=7 TeV) ]
ool = IL dt=914 nb™'
. ] ]
80— + —
60— ]
40 _+_ —
20¢ 4 _
OZ:t-rg—li_#llﬁ?_HFé
60 70 80 90 100 110 120
M, [GeV]

* Two leptons with p>20 GeV
— About 200 (300) Z candidates in e*e- (u*u-) channel in ~1 pb-'
— Very precious for detector calibration

* Resolution in data slightly worse than simulation %

— Calibration and/or alignment efforts ongoing

n

> _l LI | 1T 17T I L | T T l _ + _ :
8 2501 ATLAS Preliminary L->pH
2 [ - Data 2010 (/5=7 TeV) )
()] - i
£ 200+ —
e L4 JLdt=1.O7pb'1 )
150 | .
100 —+ .
501 + .

L —4 ]
OMI N B % e s | g |

60 70 80 90 100 110 120

m,, [GeV]
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W and Z Cross Sectlon

E r— T LA L B B B B BN
L. ATLAS Prel|m|nary NNLO QCD (FEWZ) 1 8 - ATLAS Prehmmary PR
—_—— [ — - _ _
> = i _
T L

T T e E *T |
= F el 1L |
: | g S s T & S + ATLAS data 2010 fys=7 TeV) i
m | .g ®/0 W (e/wv 7] e - ,o." ® Zy*—ee (66<m <116 GeV) _
X — ”‘ ‘ | | m i . L=225 nb‘1 . ee _
= ) _[L=17 nb" m/O0 W' (ef/ut)v X B O Ziy*—up (66 < mw <116 GeV) |
1 L I S |

C - bN ,,' ® CDF Z/y*— ee (66 IH‘ PRTPR,
= v oo ) i 10— ® DOZ/y*»ee (70<m <110 GeV) —
| o R - ﬁl o UAIZIy—ee (m_>70GeV) .
b - L o Ziy* (PP) S :
------- : (pp> L [ H ZIv* (pp) v UA2Z ee (m >76GeV) |

10'1 e e b by b I B P | | L .;I e
0 2 4 6 8 10 12 14 0 2 4 6 : L | ,
o \'s [TeV]

mm Background Cross Section (nb)

W->ev 2.6+0.4 8.5 + 1.3 (stat) + 0.7 (syst) = 0.9 (lum)
Wouv 72 5.3+0.7 17 10.3 % 1.3 (stat) + 0.8 (syst) + 1.1 (lum)
7->ee 46 0.49:0.09 219 0.72 £ 0.11 (stat) + 0.10 (syst) £ 0.08 (lum)
Z>pn 79 0.1720.01 229  0.89 % 0.10 (stat) + 0.07 (syst) + 0.10 (Jlum)
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Towards the Top Quark




W and Z+jets

« Major backgrounds to top and E o amoom’ al%”‘fﬁlfev’
New Physics searches (e.g. — —
SUSY) L m "

« Raw Njet spectrum agrees well 1032_ ATLAS Preliminary -
with MC (Alpgen+Herwig) : | :

— Already ~100 W+3-jet 107 | 3
events in 1 pb! of data : —

» Looking forward to corrected _ I
cross sections to be compared Inclusive Jet Multiplicity
with NLO QCD predictions CATLAS 74 ™,

1A EXPERIMENT
Z — p~put + 3 jets

— E.g. recent predictions by
BLACKHAT collaboration

Similar result available for Z+jets




Events

Towards the Top Quark

Theoretical cross section: 160 pb
pr(e/u)>20 GeV, E;Mss>20 GeV

4 jets (pr>20 GeV), at least one b-tagged
— B-tag based on secondary vertex
— Decay length significance well

modeled: require L/o(L)>5.7
In 0.3 pb-': observe 11 events
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New Physics

Micro Black Hole

Supersymmetry

%ATLAS

EXPERIMENT
http://atlas.ch

CAILAS

_?". EXPERIMENT
http://atlas.ch




New Physics Potential

Process M,
qaq—W 80 GeV
aq—2Z’gy 1 TeV
gg—H 120 GeV

qq/gg —tt 2x173 GeV
gg—099 2x400 GeV

e JLdt=1 fb! at LHC competitive with 10 fb-" at Tevatron for

g(LHC @ 7 TeV)

o(Tevatron)
3
50
20
15
1000

many high mass processes

WJS 2010

1000 ¢

100 |

luminosity ratio

—
o
LELILN |

1

ratios of parton luminosities
- at 7 TeV LHC and Tevatron

MSTW2008NLO

10’

10°
M, (GeV)

— Already competing now for some new physics scenarios though!

10°



Entries / 10 GeV

5 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10 R e Data2010fs=7TeV)
JL dt ~ 70 nb”

10*
B Z+jets

Four Jet Channel
10 ¢ . ATLASPreliminary

= et - E,miss>40 GeV

i = - dB(Epy>0.2
- Eq/M 0.2

Bl
10°%0 20 40 60 80 100 120 140 160 180 200
ET™* [GeV]

Data consistent with background
— Excellent control of missing E;

Possibly sensitive beyond
Tevatron for non-mSUGRA type

models already
— Alvez, Izaguirre, Wacker: arXiv:1008.0407

Entries / 50 GeV

Supersymmetry Searches >m

4 jets+0 leptons, p'>70 GeV, p2>*>30 GeV

3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10°E J ' 1 e " Data2010 s =7 TeV) '3
r ~ . Monte Carlo ]
L Ldt~70nb —oob B
10 E 0 W+jets
E B Z+jets
10:5 ------ SU4 (x10) 3
- Four Jet Channel
e ATLAS Preliminary
10'g =
102 E
10_3'... .. =" el
0 500 1000 1500 2000
Meff [GeV]
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Supersymmetry Searches >m —

4 jets+0 leptons, p>70 GeV, p22*+>30 GeV

10°g™

> [rrrTTrTg I
S 10 Jra-zom' | _ O leptons, 3 jets, =21 b-tag
g - p;1>70 GeV, p23>30 GeV
S 10 )
Y - E;miss/VEE>2 VGeV
1
> 10— T e g e E
10" S E ATLAS Preliminary 0-lepton channel 3 | ke 2010 Ns =7 TeV) 3
102 3 104? J.L dt = 305 nb" 3.;.91 zelez;m,ﬂl E ) Wats E
IR I I A -*Q B r-.'l‘cnteCarIod_ ) Bl |Z+jets .
10°0"20 40 60 80 1 5 ‘03:5 oo E D804 10, ]
- 102 _5 [ 'Z.F::;ziuucii‘::wn 3— Jet Channel ]
] = [ESS] oo prodcton 3 \S Preliminary ER
« Data consi 10g E §
— Excellent e E ;
Possibl T
* Possibly se N o '
y 1020 400 600 800 1000 1200 1400 1600 1800 2000 1500 M GZ(i(/)O
Tevatron fc M;" [GeV] brr [GeV]
models alr¢
L] d ]
_ Alvez, Izag| First steps towards 3" generation squarks
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104

Events

1T 149
|

* Data ATLAS

Fit — —- g" MC09 ATLAS ]

g* Perugia0

10° —— q'(500)  \[5=7Tev 4L i , - .
—=—q'(800) ;. _315nb" 10 - q"MC09" Ns = 7 TeV -
q*(1200) ) - - \\ ------------------- Expected limit [Ldr=315 nb

102 NG Observed limit

IllIIIlI | lllIIIII | llIIIIII | IIIllIIl | IlIIIIll l-
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w
T IIIIIII
[ ]
/
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i

. p1J'e“>80 GeV, p_l_jet2>30 GeV, |r]jet1_r]jet2|<1 3
* No evidence for peak in dijet mass spectrum
« Constrain m(g*)>1.26 TeV

— Supersedes published CDF limit of 0.87 TeV (with 1 fb") 46

arXiv: 1008.2461
submitted to PRL



More Searches for New Physics

Search for W’ bosons

m_))

T T T LA |

© 10*E ATLASPreliminary W—ev ® Data

2010
% 10° \s=7TeV  [JWi(00)
L » -, 317 nb” [Jw(s00)
g 10 e " wiz
e 10 + * — Wttoar
QCD
% 1ES =™y
m 10!
102
10° L
10° g
1 L Lo .\ |
10? 10°
m. [GeV]

Background study to search for “R-
hadrons” in empty bunches (split-

SUSY,..)
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Search for high-multiplicity events (as

expected from micro-Black Hole)
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* The LHC era has started

— LHC performance remarkable
and improving week by week
« On track for 1 fb-1in 2011

— ATLAS is efficiently taking high
quality

« ATLAS has made many physics
measurements

— Thanks to excellent performance of
detector, simulation, reconstruction,
data distribution (grid) ... and many
many people!

— Major contributions to many aspects by
US west coast

7
2o
Z

+ If Nature is kind LHC experiments g# ”

can find something in 2010/2011 4



How to get to 1 fb-1?

LHC LHC LHC
(now) (end of 2010) (design)
Vs [TeV] 7 7 14
# of colliding bunches | Up to 35 384 2808
Protons/bunch [1070] 10 10 11.5
Energy stored (MJ) 2.7 21.5 362
Peak Luminosity 1x1031 ~1 x 1032 1034
[cm2s1]
Integrated Luminosity 3 pb’ ~40 pb1 (?) | 10-100 fb1/yr

: (* plan constantly adjusted in reaction to what is learned)
 In following weeks = s

— Increase number of bunches each week by factor ~2
 Involves using “bunch trains™: 150ns separation between collisions

« 2011
— Further focus the beam (B*: 3.5m =>2m)
— Deliver [Ldt=1 fb-! (requires e.g. 30% LHC up-time at 1.5 x 1032 cm-2s-1}



